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METHOD OF INHIBITING CATHEPSIN K 

•i fan*, of said compos ,2^.^ T* Chan ~*to *> allow fa 
ste inhibta atfvjq, of ath ^ "P""-* ° f *» invention and the 

*«*• ^invemim^ore^^,. ™ aw,eo l^a.dpaiod OTW 
^i^on.,.^ 0 ^^^^ 0 ^^ 
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^bedtametoeraure feL^ Cath !f ! B ' «• N S hav c been 
(19*6)/.^ Oe*. 27,. 2,26-2132 '251 1-12516; Bromine, D., el al., 

— PMological process of pro^TZ^ lm *°° ta * 

httn ^ ^»Son Number W09W^L?T^ y '^* eUke - *' 

° pubusbed on March 3, 1994, 
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"fawces cited therein. SuahoEmKup^ A , 

— ta—.d MaiIlh . T^ba^c^T ^ ™ 873 A1 - 

^OMflA^^a,^'^'-**-* of gingiva, p 
5 CWepstoK fa believed, J t ° Wm " i 1 445-tsS. 

*** profcin of bo« co B » is inn!r' T,Pe ' CoUi * ! » the 

^^^tmofj^^^'^offc^ 

lta »*«Pondin. fibrooees, .n^Zl?* """P"""". oaeonectfa, 

Stetea "— ^oes 

tasev^di s J^" s r' ,,rottto,MttilU,a,iS 
<•*«*. the normal balance between * """Poro* and Paget's 

^•bunthaselecriv..,Z^ wl " ™»>al trauma. 

•* »*<«». Page,, dtos. T" ***** "* * *** 

<*o»droci.«s of oaeo^fe s^uarT^""™* * " '"^ * 

of ewess.ve cartilage or mart, degrade 
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Eluding, but not limi ted to, osteon • • 



h one aspect then^" 00 ^^ 

another asoecf riu»: 
characterized by a thr~ 7 a novel Dm , 

« still another asnerf #k • 
figure 1 is the •mff^y^'' lt ' !!lla ^'' lt '2aeiiiB 
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5 ^ bi,0 ' 0 'cysBi«p ro ^^/ c « l ^Ki ncoill|)ll!J1 ^ 

k„ . . ra °* , «program 
Mgure 4« is an illustraiim, „<■ ... 
^« ewofteart mof *»«<i»e s i leof< _ 

T ., . 1 5 atoms or water 

Table I provides the three dim- • 

antes n-X provide the three • 

_ Angstroms of the 

' Tabi« wtv^ inhibieof atoms within « t wtweeo atoms 0 f the 

site. ^~ fc ^*t£E2~**"* 

lf « present ir 

JESS**-*** 

to particular, the presem ,,, bltor con »Pounds. 



4 



«n7US^i 75l2 



with any two! ° f ^ used in the m»« 

^ two or more of the following. * inv ««ion 



35 



2 — Moecnaia; 

5 l«ciM 2oo ,, Hydr0, *°>* : P«*ei lined will, „„„ . 

20 make the ann^.- . - 67 ' 16 -67A aran tr. the ccntroids 

„ a . WPPnaie interactions wirh * ™ ese fe **K must be 9 k, 

c **a atom should be 1 7.4 nl* cat °epsin K active site r" tbeab,et0 

^cysteine 25 Th k J 10 46 side chain sulfur ^ 

the centroid of the h T *• ^ntroid * ° g ^ «** 

Suitably th* ~ l ydro P hob K: group and on. a ~ ^Ps. such 

»««oiy, the method of inh.-k-^ 008 aromatic emn. 

^ a human, , n need thereof a 
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impound that fits spatiaJJy into ^ 
"-7-5.4A. • * ,an!ti,,e "1. Una* 137^1 ^ P ^ 11,8 
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hydrophobic gn, U n 
3 CS)-3.f (N . be * , nCiUde * b «t are not 



t»uuc carbon" atom. Bvthic- . niub,t0r contain an 

term includes h,„- yUnster m » meant an eWr m , " 
Eludes an JT? " ^ ^ * a carbo av "I ^ 



V 



WO 97/16177 



PCT/US96/175I2 



10 



15 



20 



includes an epoxide, a thiocarbonyl an imin* ,^ • 
toCi 0 „i BgorBhereillX o Z ™ X,M) ' te °l»i«»Uy tied tack 

* **** R>iS H «<-*W 

a or *e side chain o/gtau^ ,!T7^ ""^ 22 " d 

.-----«*--- m-*^ ^3?? ,ai "* - 

«™°id. and avengin/uJ^r , '° "* ' ""a— «f 
ofhecenaoid. ^ teZCO< ^ ofte ^'oobu™ l hezco„ rtlilllK 

The compounds used in the method of rh- « 
« W- .0, *. c^po^ „ fc ^ f »—« "vemion inciude. but » 



wherein: 
25 Da 



0— C — Q 
I 
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R 



\ M D 65 
'50 ~ N M 

; R 63 



where: 



A = absent, 



M.CoTS Ar,CH<R66,0 ^ NR ^ 



G = 



Ja QO),S02; 
T = Ar,H«; 

VssC 3-7cycloalky] ; 
W-H.-c N ,. avN02i _ C0R7 



•^^.-CONHRe 

^.^c N „ )NHRj , clBrIF; ' SR6 - 
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X = Y=Z = N,0,SorCR4 

Prided that at least two 0 f X Y an ^ 
^atieastoneofXYandzil ettroat0,DS 

hetenxrycle; ° five -membered 

nj = 0,I,2; 
n-1 to6; 
f -ai.2; 

^^^^ ^T° f 

•M^6aUcyi,Het<^ 0 ^ aIky]R5 

R4 = H - Cnjalkyj, Ar-C^ajfcv, Hm r 
-Ar^l.Het<o_^ yJ; 

R6BH,C1 ^^^M.h^ 1; 
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" M ' C I-6 aJ kyI.Ar-C n . alkv , „ „ 



PI 



R,5 "; c r ylC2 ^- c ^-^o r 

c 0NR9 , N(CaNH)NB ifawAr; » 

sH .Ci. 6 aJkyI,c 2 ^ w 

R I7 aR72_u « 

-H.Cj.galkyj^io |0 

c f°KR^0c(SK R i 0oc(OJ; 
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R2, =R 2s =c J . 6aItj ,,. c 

T-(CH 2) „CH ( T )(CHWi; • 
" 27 -**CO, RMoc0; R or Ci^alkyj. 

J( "^•°P'«»ally S i I bai nil » dh „ 
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R29 = 



r32 H 
^ T^V"r33 H O 
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-S-0 



QCHjPh aq 



Cbz-JeucinyJ.- 2- 3 n a 

acetyl, Cbz- 
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R3 ° = -H.C llSi ui [y ,. 
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ocHjph ao 2 c 



Cbz-ieucinyJ-- 2. 
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" , nyl.4- W ndyl. aorlsubs[h 

R33 ° Cl - 6a,k3 "- C »2"'.-CH 2 CH 2 C0 2 R34 : 
^'•ftC^jalkyl; 

R35 »Ar.HMAr; 

* C| ' 6 ' tt5 "- -OW*. •CH 2 CH 2 C0 2 R34 ; 

substituted benzoyl; 
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BO. 

^-bz-lcucinyj-- 2 3- a 
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.^' c ' . acid-; or4 . 

R^'HMdc,^,,,. 

s >**-«« e dC 1 ^ lltyl , HwheiilH 3 

Ci-alkviand.,- KC '-6 sl,t )''.aylaUtt t ii„ 1 e d 

Ar <0-6 a lkyl.H«< Wakyl . M W 

CH(R56 )NR 46 R 57. 1 6 ^ ' 
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R»a.dR45 .mytecM^tofom,, , 

R« = R 57 =r47 . r47c(0)r47c(s) ^ 
R5S= R 5« =R 5« 59 A 

Ar -CMalk 3 -l,or H «< (W8lkyl . 

" M -C.^ 1 . Ar . [fc ,CH (R « )Ar . CH(R69)OAr 

CH(R69 )NR 61 R 70. ' 

a 3-7 member monocycJico 
carbccycJicorhcteiocyclicrin, ^ 

^^X.HeK^ , OH l(CHM58R59 
°( C H2)l^NR58 R 59 ; 
R« = H70, R « R62ao)R62c(siR6joc(o) 

r62 ° C(0,nr59c h«' 71 kco)- 

The compounds of FonnuJa I am h«A . 
""-"ome^, ^ c*^££*~*- ^ w , 

^^e^dow^ ^r?^"^-™- These 

««ve sue, to bind to such active site. 
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Abbrcviadoas and syJ^T °° °" » *te of d* carbon,, * 
^acidabbn^aoo,^ J^^^'i-vc.tio.. I n8raml- ™ 

add" as used iim™ ' tfloe *' m - 9(19841 Tk.. """"""al 

,1 ^ refe '*<<>theD-orL.i m .- 1 '• Thelen n "amino 

CoaUcylis^y^,,,,^ ^^"^tofenoie?,. Thus, Ar. 
"Hatofen" means F, Q, Br, and I 
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As used herein "Het" or n h»t 

* will be appreciated that th*h~ 
°wa>les,triazoW .k- ^ Matthe heterocyclic ring 2 . , 

tnazoles, thiadjazoles. oxadiazoie* ic« ' lnciudes ^azolcs 

P>Ta2,ncs ' Pyridazines, pyrimidii.es^ ^ isothia **. imidazoles 

s«ch heteroses are arranged 8,0 and dou W' bonds fi e » • 

^-cycle is axotnaticTg^ ^tr* 6 ^"^^"^^ 
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™S0 2 R6.. Wcor7 ,. 0 ^ r6 

'"-yiox^, ^ " «*» »"» *-* ndW. Cfe 

Certain reagents are abbreviaad herein nm , 

hydroxybenzotriazole DM* H0BT refers to 1- 

^ s „m^^ w ^. I ^ to ^ ,B »^ofci mmiulnttioIidfewate 
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JL N ' 

S NH 
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2 



5 a) Mel, THF; b) R'NH-> /-PrOW. ^ t> 
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H BocHN^Nf' 



BocHN^V- 0 " 2 J _ R 1 

BocHN^V^ b 

Q ** BocHN'" V V NH * 
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BocHN 

S 
4 



s^" C08a 



O R* 



a) ■-Buocoa, NMM, NH, THF- m i 

N«OH,H 2 0,THF >DC ° !aEDC - H ClHOBT.E. ) N,DM F:0 
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O R» 

H i| ^ CQjB 
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O 



2 



A^NHNH 2 c f H I? 

O ]f N CC^Et 

4 



EDCHCWOBT. EtjN, DMF * * 
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Schema 

R' 




11 



0 « 




BocHN-Vn 



1 N^ N 



^— COgEt 




a) SOCK, p yridinet Et 2 0, toluene; b) T* A CH O 

Et3N, DMF; d) NH 3 , EtOH CT2Cl2: C) **** EDOHCl/HOBT, 



29 



WO 97/16177 



PCT/US96/175I2 
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Ffi^-K, * JL a 9 R 2 
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2 Or' 
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NHNH 2 ° 
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O Ri 
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O Ri 

O ^ H ||^ N >-SH 
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«)H 2 NCS 2 NH 4+ , EtOH;b)H2N 



2.EtOH 
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DMF. HNH2> Et0H; c > R 65 C02H, EDCHCI. 1-HOBT. 
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Schei^y 0 

LC0 8 H __L» LCONH 2 LCSN h 2 __c_^ J y 



s V 




O A 



6 (J = CO, S02) 



Scher^g |n 

RP JL 1 



O Ris 
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R 16 



• It! " ,e o 

T X — W N rV V R " 
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Scheqy» j [ 
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A ♦ R*W 



a . _ *f 9 H 



1 ° " H g 

a)EOC.HCI, 1-HOBT, DMF 



R"C0 2 R R-CONHNH, 



H O 



N—N 



0 H 1 



S(F,C0B«,so 2 bS2) 

. Ba8fcoQ '^.^0 B «co 2 co^ 0)R!BcON 
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Schema 

R*conhn^-*-, r2i C onhnhch 2 r-^ r{~" c 
1 



R 



0 \ 5 A J 

a) i. PhCHO. EtOH; ii. BH3THF- b) CU*n dk», . 

-COCI, pynd.ne, DMF; 0 R^CO^OflSZ 



. Scheme \ 7i 



a) HBTU.NMM, DMF; b) Jones, 



acetone 




i 



a) 



NMM, DMF; b) Jones, acetone 
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Schema 
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' •) EDCI, HOBT, DMF; b) NMM, DMF, 3) Jones, aceione 



' ^X ^fbNjO M« 
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M«oa b 3 n ; g , a^S^SST ?T ° HS(CH ^ SH - 



OH 
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4 

& 

« o 
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flCOCl-^s. RCONHR64 b 

1 2 RC ^ NHR67 — WV^ONH 



3 . ' 2 



flV N N^CONHNH, 

5. 

S 

H 0 



— V i 



0 H 



5 ffiffisa^ow,^ 

10 



H 2 NCSC0 2 Et -1* f b i N 

i * N-N 



H 

1 H 
i ^N v I O h 



^ — CONHNH, _d 



N—N I II 



N— N W // T""V 

N—N ' II 
i Ho 
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Schety] g frf 
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o o o L 

OCH,Ph 

o o *o JL 

OCHjPh 

^ad 4 H B TU.^i MF;e ^ NMM ' DMF ^)TFA,DC M; d)4. W nd yl 
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— . .. - - ^ 





N N^N^NHMe d f H OH Me S 



^ OH Me 
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NHCto 




9 Me 
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Cte-NH 

(T NHCte 



0 O 



Q DCM; C > MCN «2, isopropanol, 70 
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ofthcand.oacld^lisMinT^XXKhc^I by ' h ' a ' 0nB 

human cathepsin K is highly homologous to other k™™ fT^ 

papain fan*,. Cah^-K «. ^ 1"^™^^ * * 

backbone conformations between cathen«n ir am i 

ren cau wpsm K and papain are: a two resirfiH. 
insertion in loop residues 126- 1 ?7 a • ^ . residue 

. F ^aues izo- 127, a two residue insertion at residue asnart**. i « 
the insertion of 4 residues at glutanune 172 and a difference Ze co ^ 
50 the loop around residue lvsin* ?nn tk ™* m conf °nnation of 

su^^r^'^^^^^^^^^Papata 

-t,^, . t ™ u ^™m«>io 12 Angstroms. The structures 
«■ .teerauned using the metnod of molecular repiacemen, and reftaed JT 
values ranging from 0. I90O.267 wiih the excenr,™ „, ,k. * 
iniibtowhichwasnotrdined. 

TahleL f^of^crvsuUstrucnuetam^^^TT" 
new set * coordin«es. a——*, o, th. c^su. stmcJof anl ^ " * 
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Hunuu, cathepsinK contains 215? ^ 

^«»iBwith^ e ^ e|om J~ cnb,!d| wo». T*e data are 
,^ S,UOns 10 *■ **» acid reside). *T ^ SU,fur (at * * 7. 6. or e. 

2^«*«<>^Z^" B T S ^ F ^ Toe 

by the g,^^ AM. poc ta of 

WWe6labo,,ute >»yd ro g ra bond 
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with the N3 atom of E-64 TheM u - 

stmcur^iy too^ogous dpi,, catJL^ supemn P««f by a. .lip,,,,™ of 

— .pM. t0 fc^SV K 243 in cah^si, B „ 

■epeniveiy. " Baa,,,e gluunune 23 and aspmae 67 

SpeciBc interactions of caw. uv 
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biAwated hydrogen bond with th., v. 

of glutanune 19 The J * **** of ^teinc 25 anrf * « 

1 °« CBZ awnu C20-26 of J , 

**** -favOU ta,cv«T N ^ ,raenC,im 
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the same as for 4-fN r^d. • 
Atom 024 of 1 m^aj • . 

glutamini. io .-. . cysteine 22 a „^ . . 



danu «o-propa n -2-o n e O% J . 3 "^'<&>one:O40 bis rrn, , ^" 



WO 97/16177 



*CT/US96/17512 



TTie nystal anraure of the otobm. nf , t 
agonal of 00>e| Jl~ k ,,,,SO, ' """"O" rev eals the three 

Another^,,, to tv.^riT ,SeteiVep0 ' ease 

ton. „d the in^ thenLve^ ,,0Ve, **" * *-M 

"vent™ pen^B ^ ^ f * ^ P™*™ aymi smttIure of 

*- Mk.'^ be „, Oe^T^Z^T" fM ^ 
*Bvity. ptu " CM >'«PrephyUcucally to Mock praeas. 



46 



WO 97/16177 



PCT/US96/17512 



Small motaUes that bind tighdy to tee sites m ^ te aesiimedaild 
syntheszed and tested for their ca,^ K inhibitor activity 

Tins invention also enables the development of compounds tnatcan 
M ^»^vedr^tionin.ern^,,„i„ lte ^ 

n~lecules.spenmt.ed. The reaction mtermediatesofcatbepstoK can also iL 
^'™<^oop^ m cc^ 

^»"^<od«ig„im pre ved.ndog« e so^ 
oftecau^Kenzyn^^cau^KinWbinxcc^ Tnisprovides. 

Another approach made possible by this invemior, is t0 screen 

^^^"^^^^^"con.po^dsto, 
c»b ml .nwhole.orinp mi oU«caa^Ke»z y n». IntoscreenTt 
flunhry of fit of such entities or compounds to the binding site may be^idgea>ittwr 

''^'a^KnnrycryaaJfcctan^ta 
jwuctore coordinates of catbepsin K, or portions thereof, as provided by^hls 
"^^Mrtynse^ 

camqpsm K cc-conxptaes, or of the crysaffine form of any «tarprotei„w„b 
Onen^^nuybe^io^for^^^^ 

effic ra dytt™«^ !wd ^ e5 ^ Wo ^ naiiri J 
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5 ^'^m^^iJZZZZ T Wch ' he 

OyTaMelmavo.^ Thus, a mJI 2" ^ " " 

i« compound. n ° f ^^ to »"»yaraet Im idettibof sa id 

sigaifiom impact on Dolenc, s^h ,^ CUte - ^ u ™y have a 

accessory binding site of cath^i., *• . ^ * SIte or 

/ uwungsiie oi catnepsinK, or the spacing between f,, n ~;~ . 

con^n^ ^ ^ - • by «bc » of 
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its ability to bind to catbensinK-Jn, • i • 

JC P SU1 K. in a suitable as «av t« ,u ■ 

inoperative compounds may be avoided """^ Symhesis of 

» X-TW,* T^proc^ITZ!, ^^^^'^o, 

Peking may be accomplished usins posiaon cathepsin K. 

« fo'cefields, such as CHARMM^d/^^^ 11105 * slM< * an * nrolecular mechanics 
*^m«<sorcl«micai«mu«s. Tlese include ° f KlKtin * 

"M)l- GfUDBavahblefton, Oxford Umvosi^. 
* MCSSrA-MiranlcerandM Kamltte »c • 

tai««e.L.JolU,CA. ^^""^^Scripps Research 

* DOCK [I. D. Kuntzetal "Ar 

for a review see Rusinko, A., Chem Des Aiito^s^ Chemical Database, 

m - ues - Aut0 - News 8, 44-47 (1993). 
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Once suitable chemical entity a. 

visual inspection of the relationship of tk T * to proceed * by 

^alimageo^^^ 
5 coordin ** of cataepsin K This would Tf 7^ " * ** ****** 

««ing software such as Quanta or Sybyl. " * ^ modeI b ^S 

Useful programs to aid one of skill in th. • 
chemical entities or fragments include ^ 30 mcoane «ing the individual 

^w m tffl i i n H Kmiia^^ * Molecular 

*" U ** ' **- Chem. Soc. 
Berkeley, CA. " *e University of California, 

« Sterns, San lE^"* * MACCS ' 3D *fonnation 

« or ctanfcu « , ^ ,7^ * °' ,Ub,,or m * «f-wte fashion 

Tte. methods incl^; 8 °* •""^ «' *»<>«"> UU*M). 

• LEGEND fy. N, U ^r7Strr ^ 

M. A. Navia^M. A ^ "! I ££^»«M»(Wfc See also. 
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methods and techniques are known in the air f or nerfo^in. *• 

maybeused. See.e.e P S Fam,., n ^ r ° rpcrfonmn S ^p.any of which 

^(Acaden*^ 

5.5(X), 8 07; C Verlinde,^ £££ * 5 ' 331 ^'' US ' **« N °" 

This, using thesecomputtrml uaionsva-l ,i, ? 
compounds na, be qukkly „d easily J^T?' '"^"^^ 
biochanjciBson. avoids ^'"""""'"'''"P^v.andJeng.b, 

inv^nUonn^beusedinbuKfing^sTur^ """" 
inhibit. SuitaM* ,~* ^"-v-onal fan* «, 

screen 

using j™^: ^rrr f ^ * — 

protease of to im-emion .<!„■». , SUI>eran P 0 » d °» UKsoucdm of the 

The following examples illustrate various aavTc nf >v 
exainplesdonotliniitthesctmeof.1.- • ^ *" U1Vention - ^ 

clain*. ° f *" IDVCntion whic " * defined by the appended 

EXAMELEl:An a ,^ nfrhrrrrn||| f())| ^ 

£*pre»w,», Purification and Crystallization 

y. ffKM. c*«». 271, 12517- 12524 (1996). 
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~*^***n^ m ™Srr """^contain 

conaaed of the pro*, atom frc^th. c^^il !? , I,M Sanm * »«*' 
Ascribed herein. ""^K^craiirta structure 

Using the three-dimensional ei^*™ ^ . 

««3 residue, -*«.* ta CSIiri J T" to '* Wr - 

Program FRODO [Jones, T A / ^ r T* DCOn * U,er « n * hi « 

dKexperirnentaida* Ita-^bJI^^; - ?*"** 

tang X-PLOR) of the sttuaual model necessL, a „ ^ rcfinem ™ 

lennemot ^^^^^"esthem^ofrlmher 
EXAMPi F|7rtl1rn 

^de subanle . « ^ c " ^ a 

100 mM Na acetate at nH 5 5 coL. ™ ™ Ani-AMC. and were determined in 
substrate soMoTZZ j^T** ^ "* 5 * EI *A. Stock 

""H— ex*™ found J^Cof D^sT^""^ ' ,0 * DMS °- 
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Product fluorescence (excitation at 3fiflniu 

Inhibition stndies 

Potential inhibitors were evaluated usin* rh. „ 
were carried out in the presence of variable cZ * 
Reactions were initiated by addido. >T C ° nCen ^ of test compound, 
substrate. I^^iaJ^~^^-t--*-* 
fading on the appearand of the 1.1* ° DC ° f ^ ^ 

«>"*ams (K itapp) were calculated according IZ ***** 
Biochemistry, 1589, 2 8, 140) * ^ UaU ° n 1 (Brandt « < 
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> ofinhibitor ^ SCOnSUMtof ^^/istheconcentration 
(AMC] is the concerto, of prate foime H „ . 
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nanomolar. pwu c a K i value of Jess than 100 

Human Osteoclast Resorption Assay 

Aliquots of osteodastoma-derived cell • 
^^^^^^^^^^ 
» ^centrifcg^^ 

replaced with murine anti-HLA-DR mcdiuin was aspirated and 

^-ubatedforaon^on^^rilt r* ldfa ^'«0«ltan. 

^ccllswerewashedL^^^^^ 
<pm,5min at 4-Q and then transferred roZl\T ^ (l(XX> 
15 numberof mononuclear cells were^nZ ^centrifuge tube. The 

chamber. CnUmCnUCd 10 30 "»P™ed Neubauer counting 

Sufficient magnetic beads (5 /mononuclear cell) coate H k 
-re removed from their stock bottle J^^^" m *~°~'* 
washes away the toxic azide preservative/^ , ^ medium 

20 inunobilizingthebeadsonl '^"^ ^ was removed by 

«™g me beads on a magnet and is replaced with fresh 

Th« beads were mixed with the cells and J ^ 
Venice. Thesuspensionwa.rnixed^r^ 
immobilized on a maenet and t ■ y bead - coated cells were 

a cowed ceils to dislodge any MorJTjT ^ medaun ^ ^cd <o tte bead- 
x.0. ^^^ceJ^c^^' ^P"*— P-d 

we- ^.ed by cJZ^*£? *«'»*»'<**. sampie. ^ 
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positive control (87MEM1 diluted to 100 n,/ m n • 

dilutedtoiOOugM.). l^mJwtl t M1S °^ COn ^ ,(I « G2a 
0Smr * 1 ' *** WCre mcubate ^ 37°C for 30 mm 
0.5 mL aiiquots of the cells were ™*a~a ~ . .. 

E XAMPf F * Mrthnil nf rw^i.^ fn hfTrlTlll 

The three dimensional atomic smirttir* ^ u 

^tppnnch usually comprises s.^^ — — "W tess upc binding . 
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to allow 
Properties. 




LWll 

15 A. 



To a solution of 3-iydnav-4. m ,i M ., 
diethyl caerpoa J, ^E^**"**""*"^ <<* 1.1- 

™»1>- The action wasaltowrf ,^ ' "™»'fl««lEDC(2«J 

mg. 1.37 
fuon oi me starting material. The 
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reaction was then concentrated in vacuo to give 249 m* of rh , 

(ES+) 350.3 (MH+) * 9 mg of ^ uUe compound: MS 

To a solution of the amine hydrochloric- #^ ■ 
Tie ruction was » ^ „ ' ^ (,4U ■* 077 ""»»• 

allowed to wamito room temperature^^ 7l "««K>nwas 



•JfMCtlUiTi 



25 



1 ■■wqua muu^*! 
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"■orptolae (0 3 mL 2 72 JTtk ** n,,0C,l, Md N -«*yl 
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»«™.o room tempera™, Work^^ col ^^ ,!leP<,m0na » <i « 1I «™«''o 
(M+Na). 415 ^ 575 (M+H). 5»7 

c > ■HN. f (p heilyllI)eth0X )airb ^ 

WHoiidinonc hydrochloride ^'H-^memyiH^eucriH.*- 

Toa ^ M ^'^ solution ElOAc/Hri., ^ 
compound: MS (ES+) 475 (M+H. 100S). Co »«»tratioii gave the title 
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3-hyd TO y^aamo-l-p Vm)Bdillecaite 

was coupled with iso-afcoiiiioyloxve,*™. T Uslimethylethyl ester 

described above m gjv. ,T1 » a similar manner as that 

^ '^""gramsofaetiue^,,^ ^ ^ 

c oncentrauon: MS (ES+)351 (MH+, 100%). 
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To a DMSO f2 ™i i . ""^J^-PyiTolidinone 
100%). ;gaW37,n « **• •* compos Ms ^ 5K 
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^ C OS .ft 
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— -"•*""«ojrapoed (silica nl ?rxt c.^ . . reaction 

»Wr-8».& < 3S, "*37«). MS(ES) MfH -.43S,M t NH 4 -=45 2 . 

*■** » DMF (4.0 ml) I* , /T* (558 °* —0 w« 
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'CMB9M75U 



CO m.lJM)w« aided dropwise 

a > methyl S-benzyJoxybenzoate 

To a suspension ofNaH (0 395 e o <» 

^«~t«IWu B fi lr »., ta soto "'l g, " 8m,,K,,,wasa *W. After 

b) ^beazyloxybenzoicacid 

nl 3N HQ. He organic hw 7 U °° P^ 8 ™^ between ethyl 

Wowing *e procedure of Exanmi. a 
^taylHcvbohydr.tfd. for^W^! - »f< W <-^l-I«*W, 
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Examplg A 

To a stirring solution of ^ 

WOW,,. 0.534™*,!). l-hydrcxvb^L , ' N -' Ctt > 1 ^ 
AfterainiKgareonue,^,,,,,,, ™" ) ™* ton <l'<0.ia2g.0J34inmol). 

a) N -*^oxycarl«^]^ L) .i eildjlllmide 

'HNMR (400MHz, O^tt^T " " «* 
b) ^butoxycarrxmyl^euc^^^ 

^.treomtenw^^J?^ g- 1S " ,1,1,0 " md 1»mi«u« was 
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IH),7.97(brs, lH).S.2«(brd. lH),4.52(m Ml 1 72 I «, 

0«(m.6H). ,mm '' 1 ' 72 - I - 58 'ni.3H), 1.40(5. 9H), 

5 methylbmane ^'•"- c ™«l'oxyihU2ol-2.yl>3- 

*idairredfbrll,a [ -10»c The solittuw wJL-^h 7 23 - 9 ™»l) >va» added 

«MM) i» *»„«.., for ,„ t^T ° 

"cuoariUK residue dissolved to dil ^ *" W remov « l *• 

^w«<riedover m a gnesirasillfete ' PH ' ^ 

»« ctanalographed (sZ«I 7 jr*, C01Ka »™«< "» » oil which 

«"np«od as aZ solid 11 w " Cea,ete,ffl «» Me 

'HX1.32 ft 3H,,0. 8 5Md.S) 163 (ni ^ '*><*• 

« ('SH^enzyloxycartonylJ.u.ino. W4«arbc^, ythi , ttoI , »,,., ,„ lt 

Tbecoii V oui l dofExainple7(c)(0230. nWT 2 - yl) - 3 - n, « h )' 1 '««™ 

aod concealed i„ vacuo , "* meIta »" 

'HNMR (400MH, CDC^X ^ tT"^ T " (<U98i ' 7 ^ 
(m, 6H). ; ' I - 8M - 67 to 2H), 1.39 (t, 3H), 0.95 
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Examp^ p 
10 Preparation 1?ffl 
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^N-beozyloxycarto^I-L-ieuctay, bmx^, ^ 

followed b, dmpwi,, addito, of i^b^^/.^ 7° l ° M ">«-)«» «kw. 
»L). Ate 15 ^ te sohUo. wr^Tr^ M * 76 ° ,m<>1 - ° 98 

- CO.*™*.! * ---»-.•- *W (MgS04>. *«, 

» gn« iBfc con^omd « , colorica oU (Z43 g, 94 %) . 

WdSJ-l-benqrioxyort^^j^^^^^ 

■hioa^ ,o. 61 g . 458 eth 3^o „ *' (1 ' 57 fc 4 58 — - W 

Tie ataion was da, coot* , ' WB lKattd " rcflux f"4 h. 

^■mo.Co^^^T^"^^^^^'^ 
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4.98 (q, 1H), 4.48 (q, 2H), 1.80-1.76 (m, 2H) 1 57.1 53 < m ,m , AA , 

(d, 3H), 0.93 (d, 3H). 3 ^ IH) ' 144 (t « 3H >- 0 95 

A solution of the compound of Example B(b) (0 30 « 0 « mmn i> . 

a room temperature for 2 h The «,h,«™ u ' ^ alIowed 10 sdr 

H«= ueior^ii. Thesoluuonwas then concentrated to yield the tin, 

compoundasawmtefMmtaMg.S.*). 1H NMR (400 MHz, CT^uf dTwr 

lH).7 J7 .7J5 (m .5H).5.18(d, 1H). 5.09 (dd. 2H) 49J(, ,!f 

(«. 2H). U, (n, 1H). 0.96 (d, 3H). 0.94 (o. 3H) * ^ 171 

mmol) id DMF (0.6 mmol) was allowed to stir at mo™ r. , 

t - ^ 10 sur at room temperature for is h tk. 

solution was diluted with ethvl aaxat* ™a t , ^ I0r 18 h - ^ 
HO «^ »^ cm yl acetate and washed successively with water 0 1 N 

HQ. satorated ^ NaHC03 ^ satun|ted ^ OaN 

atul concenuated. m residue was purified by flash chrornatogriTo^ 
mesh sdica gel, eluting with 1: 1 ethvl acetate/h^,..^ ♦ -"<MW 
-wh i te S c,d( I ^4V«*,.ZnoCr »'""-'»•«'«•--•— 
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To a stirring solution of N-Cbz-L-leucinc (Chemical Dynamics Corp ) (2 94 
1. 1 LI mmol) in 22 mL of DMF was added carbohydrate (05 g 5 6 mil V n 

-h^ben,otnazolc(0.3 g ,2.2mmol). After stirring at room temperature f^ 
l.^soluuonwaspouredmtoSOOrnLofwater. The precipitate wroUec^I 
vacuum fd^on and washed with water (4 X 1 50 mL) and dicWorometha^ X 
150 mL). then dried under vacuum to provide the tide compound as a white solid 
(1.49 g, 46%). MS(ESI): 607.1 (M+Na)*. ° hd 
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Phenoxv-nhmvi. S uifnnvi). [ , m j n o . nrnran . ? ^ nf 



+jr= ^ Py ^ «** ** . title compound was prepared: MS(ES) M 
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Example 
Breparatinn 
propan-2- flng 

1.3-Diamfoo pmpan-2-oi (6.75 g, 75 mmol) was dissolved i„ DMF (100ml) 

(T^" 7" K i ^ (Hg. 81.5 mmol), and EDCI 

U^-og, 812 mmol) were added. The martinn ™« • 

j wwouucu. i nc reaction was stirred overnight at RT A 

patron of the reaction mixture (30 ml) wa* rnfi MM t~»-j • 

v** ™J was concentrated in vacuo then *tht>r rsr\ m n 

r ill 30 mi) ^ a white ^ ^ **" - — i 

w * <to » , ™ i ra DMF (25 ml) and DIEA (5ml). to 4^no»y ' 
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phenyl sulfonyl chloride was added The reaction was stim*! ?u 

»« 1 n IT ""^ " E0H w »»•<"" io» nrc (0 2w «T 

added followed by 6N hydrochloric riini^.u m 

a baUoon of hyd^n ^ fer^T^ " ~ — — 

e ° < hi ai K i . The reaction mixture was filtered. 

» ike next reacdoo wiiboo, fcnherpuriflcKioo. * 

Uocmyl.aramo-3.NK4.pheao,y pheayi s^i^aratoo™^,^, ra « 

added Mowed by 4^, actic acid «U 3g, 0.75 rhrnc,) Ji^To 76 

. v*ao. ft. d—,^ (silica J%MeOH: ^ 
™ l op ro » Klete d Birc dproduc, as a.b J «^ dw ^ Ms ^ y ^ = 

reoissolved in acetone lnn+* moa^t / 1 c w . u> 100,1 

reaction mix. ( M ' SCVCraJ *°l*> added and the 

^in«tu re wasst« e dfor6hatRT. Isopropanol (0.5 ml) was added and the 
reaction nuxture was concentrated in vacuo TW«*„ J -, 7^ 
buffi* »nrf ,k reaction was diluted with pH 7 

Duner and then was extracted with FrOA/. a . f 

« v^u«. tca wiin ttUAc, dned with magnesium sulfate filtered 

cbM.) ,o g,ve ft. ft** p^c as . whlB Mlid ( „ ^ ^ ^ 
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H ^"^K was expressed to 

20r^L-cy sttlKa ,dl% mMurec a 1 hepsinKass e cd. The acd.aUon was 
~d nsing CBZ-Phe-A,g-AMC* Autogenic substrate ^ by SDS . PAGE 

^o.«ss« W «lb, 111 e addidoiIofilI|libitor T^i-Mbi^^cXtK 

™«»«^.»ad1a.vzed .gains, 20 
cysteine, pH 6. 

Hun™ cafcepsi, K was exposed in £ coli. The cell pellet from 1 L of 

b^cotaKwe^ g 235p tt w«w^wiai50niof50mMTrisffla 5 
^TA.,50 n M^. pH! . o . A*«-^ MI3 £~£^ 

m 25 mL 50mMTn.Ua, 10 mM DTT, 5 mM EDTA, 150 mM Nad ohVo 
containing either 8 M urea or 6 M guamdir* HC1. Atostimngat^cLsOn^ 

"^"^^''^^fil^fO^a^Millrpon:). 

^ MM ox.dtied gtaatiuone. 0.7 M L-arginine pH 8.0 and stirred overnight at 4' C 
Afcrconcentraoon to cM mg/mL using a sUned ceU fttted with a YM-.O rLtane 

" ^ N>JP0< - 'OMNaa.pHT.O.rn.dia^w.appneda.a LFR=mXt 
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. 't,£I!£2zir* m w * pooted ^ *■ - 

5 /^"'^"tfvatedcatl^Kce^^ 

« M^*.*^.^^ concent^ 

growcrysabfiL to 

E64. Crystals of mature activated cathepsin K coraplexed with E-64 grew to a simof 

^K^hfcojai-tata^,.^ .V^ordiffosioawasusadin 
hangmg drops froma solution of 10% PEO 8000. 0.1 M N.+/K* phosphatt „ „ H 

to ^*»^<oasFormTtTl*crystascon^^ 
^tric uni, and contain apprextaaWy 40% solvent wiUl , Vm vallK rf 2 , 
A«^X«»dUtaatad«^ 1111 ^ toBil ^ • 
S.emens two^mensioruu f^ition-sensiuve detector on a Siemens rotattag anode 
generate operating a 5 KW. The smictur* was derennined by molecuiar reLemen, 

papam and those side dm. aoms predicted to be homologous between the two 
proteins as detennioed from sequence alignment. The cross rotation function was 

MA. The highest peak was 6.0 « A translation seach was carried out using d* 
ftom 8 ,0 3 5 Ajgaroms resulting in the highest peak of 1Z5 a.The resulting model 
gave an factor of 0.488. Tnrs model was refined by rigid-body refinement ^ 

attd GF 0 -F C I, mto which the atomic model of catfaepsin K was built using th ° 

graphics ™™ FRODO. Ommtm position, refitment was used 
» refiwthe structure during model building. The structure m refined using X- 
WOR. The electron density for E-64 was clear in the maps. Toe inl.ibtowas built 

35 out to a final Rg of 0.191. 
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w l?tl 3f§V3-r(N-hrn7vloxvcarf^ nY |) - 
L-lgwmYnaTmno-s-methvi 1 ■n- r m PrtYV7 . hrri|niTnr 

5 Crystals of mature activated cathepsin K complexed with the inhibitor grew from a 
solution of 10% isopropanol, 0.1 MNaP0 4 / citrate at pH 4.2. Crystals of the 
complex are tetragonal, space group P4 3 2 l2 , with cell constants of a=57.6 A, and 
c=131.2 A. This crystal form will be referred to as Form m. Diffraction data were 
collected as described above. The crystals contain one molecule in the asymmetric 
10 unit and contain 36% solvent with a V m value of 2.3 A'/Dalton. The structure was 
determined by molecular replacement using X-PLOR at 2.5 Angstroms resolution 
The starting model consisted of all protein atoms of the orthorhombic form of 
cathepsm K-E64 structure. Molecular replacement was carried out as described 
above for the cathepsin K-E64 structure determination. The model was refined by 
15 ngid-body refinement using X-PLOR, and the resulting phases were used to 

calculate Fourier maps with coefficients DF 0 -F C I and I2F 0 -F C I, into which the atomic 
model of the inhibitor was built using the molecular graphics program FRODO 
Conventional positional refinement was used to refine the structure during model 
building. The structure was refined using X-PLOR. Several cycles of map fitting and 
20 refinement were carried out to a final Rj. of 0.245. 

CfYayiirariPii of thccomnW of rinWin k ^ ^^ ^ ^^ 

lN-fN-hffl7VlOTvrarhonvl L-i e itrtn Y ni rartnThTT 1 r nri f 1r 

Crystals of mature activated cathepsin K complexed with the inhibitor grew from a 
solution of 22.5% PEG 8000, 0.075 M sodium acetate at pH 4.5 containing 0. 15 M 
Li 2 S0 4 . Crystals of the complex grew as Form IE. Diffraction data were collected 
as described above. The structure was determined by rigid body refinement with 
X-PLOR utilizing the previous Form m protein model at 2.4 Angstroms resolution 
Founer maps with coefficients IF 0 -Fcl and I2F 0 -F C I were used to fit the atomic 
model of the inhibitor using the molecular graphics program FRODO. Conventional 
positional refinement ( X-PLOR) was used to refine the structure during model 
building. Several cycles of map fitting and refinement were carried out to a final R c 
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Crystals of mature activated cathepsin K complcxed with the inhibitor grew from a 
solution of 1 0% isopropanol. 0. 1 M NaP0 4 / citrate at pH 4.2. Crystals of the 
complex grow as Form ffl. Diffraction data were collected as described above The 
structure was determined by rigid body refinement of the previous Form m protein 
model at 2.6 Angstroms resolution. Fourier maps with coefficients IF 0 -F C I and 
CF 0 -F C I were used to fit the atomic model of the inhibitor using the molecular 
graphics program FRODO. Conventional positional refinement was used to refine 
the structure during model building. Several cycles of map fitting and refinement 
were carried out using X-PLOR to a final R<. of 0.210. 
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Crystals of mature activated cathepsin K completed with the inhibitor grew from a 
solution 18% PEG 8000, 0.6 M sodium acetate at P H 4.5 containing 0.12 M Li 2 S0 4 
Crystals of the complex grow in Form m. Diffraction data were collected as 
described above. The structure was determined by rigid body refinement of the 
previous Form m protein model with X-PLOR at 2.4 Angstroms resolution. Fourier 
maps with coefficients IF 0 -F C I and I2F 0 -F C I, were used to the atomic model of the 
inhibitor using the molecular graphics program FRODO. Conventional positional 
refinement was used to refine the structure during model building using X-PLOR. 
Several cycles of map fitting and refinement were carried out to a final Rc of 0.218. 

Qvaa l liMtiffll of the comnlrx of carti^ fj w, fh nsiN.r7 .rf |. 

bcnzvloxvcaihnnvl.f .l^ jnvnhvriraT^ ff 

Crystals of mature activated cathepsin K complexed with the inhibitor grew from a 
solution of 30% MPD, 0. 1 M MES at pH 7.0 and 0. 1 M tris buffer at pH 7.0. 
Crystals of the complex are Form U. Diffraction data were collected as described 
above. The structure was detennined by rigid body refinement of the previous Form 
H protein model with X-PLOR at 2.3 Angstroms resolution. Fourier maps with 

70 



W097/1M77 



PCT/US9«/17512 



10 



IS 



20 



coefficients IF 0 -F C I and I2F 0 -F C I, were used to the atomic model of the inhibitor 
using the molecular graphics program FRODO. Conventional positional refinement 
was used to refine the structure during model building using X-PLOR. Several 
cycles of map fitting and refinement were carried out to a final Rg of 02 1 1 

Crystallization of the comnlex of catkin k 2 .2'-N Nr.hj^ n ^i nYVrarfv ^ Yl _ 
L-leucinvlcarbnhvrirariH* 

Crystals of mature activated cathepsin K complexed with the inhibitor grew from a 
solution of 33% MPD, O.lMMESat pH 7. Crystals of the complex grow as Form 
fl. Diffraction data were collected as described above. The structure was determined 
by rigid body refinement of the previous Form II protein model with X-PLOR at 2.2 
Angstroms resolution.. Fourier maps with coefficients IF 0 -F C I and I2F 0 -F C I, were 
used to the atomic model of the inhibitor using the molecular graphics program 
FRODO. Conventional positional refinement was used to refine the structure during 
model building using X-PLOR. Several cycles of map fitting and refinement were 
carried out to a final R<. of 0.208. 

Crystallization of the comnlex of cath^m ^ with 4-fN. 

DVTfPlidinnn* 



Crystals of mature activated cathepsin K complexed with the inhibitor grew from a 
solution of 28% MPD, 0.1 M MES at pH 7.0 and 0.1 M tris buffer at pH 7.0. 
Crystals of the complex Form n. Diffraction data were collected as described above. 
The structure was determined by rigid body refinement of the previous Form O 
protein model with X-PLOR at 2.3 Angstroms resolution. Fourier maps with 
coefficients IF 0 -Fcl and 12F 0 -F C I, were used to the atomic model of the inhibitor 
using the molecular graphics program FRODO. Conventional positional refinement 
was used to refine the structure during model building using X-PLOR. Several 
cycles of map fitting and refinement were carried out to a final Rg of 0. 193. 

Crystallization of the complex of cath epsin k with 
PYridY l mcthoxv)carhonvn-T-l^ 
35 pyirolidinonft 
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Crystals of mature activated cathepsin K complexed with the inhibitor grew from a 
solution of 30% MPD, 0. 1 M MES at pH 7.0 and 0.1 Mtris buffer at pH 7.0. 
Crystals of the complex Form II. Diffraction data were collected as described above. 
5 The structure was determined by rigid body refinement of the previous Form II 
protein model with X-PLOR at 2.2 Angstroms resolution.. Fourier maps with 
coefficients IF 0 -F C I and E2F 0 -F C I, were used to the atomic model of the inhibitor 
using the molecular graphics program FRODO. Conventional positional refinement 
was used to refine the structure during model building using X-PLOR. Several 
10 cycles of map fitting and refinement were carried out to a final Rg of 0267. 

Crystallization of the complex of cathensin K with 1-N-rN-imirfazole acetvl- 
leucinv[yanuno-3-N-(4-phcnoxv-p^^ 

1 5 Crystals of mature activated cathepsin K complexed with the inhibitor grew from a 
solution of 18% PEG 8000, 0.6 M sodium acetate at pH 4.S containing 0. 12 M 
L12SO4. Crystals of the complex are Form HI. Diffraction data were collected as 
described above. The structure was deterrnined by rigid body refinement of the 
previous Form II protein model at 2.5 Angstroms resolution.. Fourier maps with 

20 coefficients IF 0 -F C I and I2F 0 -F C I were used to fit the atomic model of the inhibitor 
using the molecular graphics program FRODO. Conventional positional refinement 
was used to refine the structure during model building. Several cycles of map fitting 
and refinement were carried out using X-PLOR to a final R<. of 0.246. 
Abbreviations 

25 

E-64, [l-[N-[(L-3-rranj-carboxyoxirane-2carbonyl>- 

L4eucyl]ammo]-4-guanidinobutane] 

CBZ, benzyloxycarbonyl 

AMC, ammomethylcoumarin 
30 MPD.2methyl-2,4-pentanediol 

PIPES, piperazone-N,N-bis(2-ethanesulfonic acid) 

MES, 2-<N-morpholino)-ethanesulfonic acid 

tris, tris(hydroxymemyl)-ammomethane 

PEG, poiyethyleneglycol 
35 M. Molar 
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R c = II(F o -F c )l/F 0 
F 0 s observed structure amplitude 
F c = calculated structure amplitude 
EDTA, ethylenediaminetetraacetic acid 
DTT, 1,4-dithiothreitol 

SDS-PAGE, sodium dodecylsulfate polyacrylamide gel electrophoresis 



This invention is not to be limited in scope by the specific embodiments 
described herein. Indeed, various modifications of the invention in addition to those 
described herein will become apparent to those skilled in the art from the foregoing 
description. Such modifications are intended to fall within the scope of the 
appended claims. 

The disclosures of the patents, patent applications and publications cited 
herein are incorporated by reference in their entireties. 
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WHAT IS CLAIMED IS: 



W mdtt «>[»cart»n atom that bii^ „ 
of cysteta, 25 wherein saideta^^ ^ ".TjStT 
atom; • '-4.0A from said sulfur 

a hydrophobic group that interacts w«ht~~* ,„ 

has distance ranges between the centroid of said hvdmlJ- 

134:4.,5-5.15A,ZuL 160- 6^1 ^ T"" ' 

ucine ion. o. 1 8-7. 18A, and leucine 209: 5.71-6 71 A; 

(iv) a hydrophobic group that interacts with tyrosine 67wherdnthe 

<M. the disance oetweo, ^ two aoins ™* " ro *« ° f *«- « 

8 dJT„ withthenuin chains of 

° giutamue 21, cysteine 22 and slvdne M «.h~s .1 ... «urasor 

glycme 23 are 3.7-5.4. 4.9-5.7 and 5.4*7A, respectively; or 

^nm^ * ^ centred of the hydrophobic group and the 

cenwidsof glutamine 143 asnarairin. i<i . • .J. v c 

9 6A 4 7 5 Ik THVl ? , * ^ I3? ' 8,1(1 138 « 7.9- 
y.0A, 4.7-5.4A. 4.2-5.5A, and 4.6-6.4A, respectively. 
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2 A method of inhibiting cathcpsinK which comprises administering to 

cathepsin K, said compound comprising any three or more of the following- 

(i) aneiectrophilic carbon atom that binds to the side chain sulfur atom 
5 ^steme25wh^^ 

(ii) a hydrophobic group that interacts with tryptophan 184 wherein*, 
chain atoms of tryptophan 184 is 4.10-7.10A; 

^el34.,eucmel60,andleucine209,creatm^ 

has distance ranges between the centroid of said hydrophobic group and the 

cenoxids of the side chain atoms of the amino acid residues of said hydrophobic 

>5 134. 4.15-5.15A, leucine 160: 6.18-7. 1«A. and leucine 209: 5.7I-6.71A- 

(iv) a hydrophobic group that interacts with tyrosine 67 wherein the 
dmance between the centroid of said hydrophobic group and *e centroid of the side 
chain atoms of tyrosine 67 is 4. 10-7. 10A; 

(v) an amino group with a P Ka of less than 7 or an oxygen atom eachof 
0 wfcch .nterac* with a hydrogen atom donated by the amide rutrog n of glycinT 6 

wherem the distance between these two atoms is 2.7-3 JA; OIgi y cine66 

(vi) a hydrophobic group that inteiacts wim u^'main chain atoms of 

o satd hydrophobe group and the cemroids of g, u tarnine 21 , cysteine 22 and 
• glycine 23 are 3.7-5.4. 4.9-5.7 and 5.4-6.7A. respectively; or 

(vu) ahydrophobicgrotmmatmteiactswimtiiesidecr^atcansof 
w^l 3 r d T a8ine md ^^ nch - ^ alanine 137and serine 138 
wherein the Stance between the centroid of the hydrophobic group and the 

HTfl 15*°** f ' **** 161 **** 137 ' Serine 13 « - ^ 9. 
9.6A, 4.7-5.4A, 4.2-5.5A, and 4.6-6.4A, respectively. 

3 A method of inhibiting cathepsin K which comprises administering to 
an^uneedmerwfacomrx^ S 
cathepsin K, said compound comprising: 
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(i) an clcctiophiUc carbon atom that binds to the side chain sulfur atom 

(H) a hydrophobic group that interacts with tryptophan 184 wherein ,h, 
5 ^^n^centroidofsaidhydropnobicgroup^ 

chain atoms of tryptophan 184 is 4. 10-7.1 OA. "* 

: 1M,sy - wl -»Atanihecenux>idofsaid 
tequ. «rton te tods «, <he side ctata sulfur „„„, „ ^ M 

*. ad. eta- suite ««„ of cysfcine 25 is , ^ 

tas acemroid which is 5.444.94A from said electmphilic carton- 
l«»cui e 209,cieai m gah^ hob i < . pocl(et . llnd 

»■««■" nmges baween «* cenToid of said hydrophobic group and *. 
ooctostvyl^ chain atoms of the anino acid residues of said hydrophobic 

134 4.15-5.15A.teucuiel60: 6.I8-7.1 8 A,and leucine 209: 5.71-6.71A. 
wim said hydrophobic pocket is an isobutyl group. 

h,d™il- ^r^^^^^^^^f^comprtsesa 
•ywine67is4.I0-7.10A. 
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wiui tyrosine o / is an aromatic group. 

with a hydrogen atom donated by the amide nitrogen of glycine 66 wherein the 
distance between these two atoms is 2.7-3.5A. 

hvdmnhnh- ^ ' ^ ^ COmP ° Und ^SCS a 

hydrophobic group that interacts with the main chain atoms of glutamic 21 
cysteme 22 and glycine 23 wherein the distance between the centroid of said 

« 13. ^"^ofcIaimUwherem^hydn^icg^,,,,, 

interacts with glutamine 21, cysteine 22 and glycine 23 is an isobutylgroitp. 

I* ^"^ofdaim3„hereind,econ^ nl ^ rcoInpljsesa 
hydrophobe group that utteractswuh the side duinatoms of glmamine 143and 
*> "P^olandtlKn^ch^ofalan^ 

oaween the centroid of the hydrophobic group and ^ cc^o, 

25 IS- The method of claim 1 wherein the compound is- 

hexan^'^^^^^'^^'-H'-Pn^y^ 

4-n^-[(4-pyridyImemoxy)carbonylJ.L-leucylJ-l.[N- 
fG^ylniethoxy)^^ 

pynohZ^^^ 

4-(N-[(phenylniemoxy)carbonylH-leucylJ-l.rN. 
Kptenytaeraoxy)carbonyJ^^ 

bis-(Cbz-Jeucinyl)-l Jniianiino-propan-2K)ne; ' 
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2-(N-(3-ben2yloxybenzoyl)].2'-(N'-(N.bcnzyloxycarbonyl.L- 
leucinyDJcarbohydrazide; 

J^Wa-Kl-benzyioxycarbonylanuno^a-methylbu^ 
ylcarbony WN-bcnzyloxycarbonyl-L-leuc^ 

2^N,hr-bis-ben2 y loxycarbony|.L-leucinylcarbohy^ 
or a phaimaceutically acceptable salt thereof. 

«> 16. A composition comprising cathepsin K in crystaUine form. 

17. ^composidonacconiingtoclaimiawheremcamepsinKh^ 
acuve sue cavity formed by the amino acids in Table XXK. 



15 



20 



19< A cathepsin K crystal. 

tmJt ^^ M4 ^ >fo, ^ c « l ^ i ''K molecule or fngmM , 
!ZL^T?* C T °^°° C< " n,,^iSin, 3 ""W^ — * formed by *e 

21- A peptide. i»piidoniimeiic or symtetic molecule wWdi binds with 
the save siBc>viry of catliepstaK according u> claim 17. 

and inhibiting the proteolytic activity of, catbepsiii K, said method comprising* 

uuroducin, imo a suitable computer program tafcmation defining an 

site formed by the residues listed in Table XXIX, said active site defined by the 
.35 structure thereof; 
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s,dco mputer p^ 

n^lofsaida^ 
5 activesite; *" *" COmPOUnd "** to ^aliyincochc 



preparing said test compound that fits spatially into the active site- 

^^S^^^Poundinabiologicalas^ayforaprotease ' 
characterized by said active site; and 
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insaidassay. deten ™ n " 1 ^ wneI hcr said test compound inhibits calhepsin K activity 

«M omaut T* °' "-»* * * 

of. J?' • ^^^ teg ^ c ^°S^tBesm K1 u^coortina tt s 

w »tlT m T 10 """^-^^ «— a chcmica. emir, for assoca^g 
with the active site of cathepsin K. 

25. The method according to claim 24, wherein said entity is a 
competitive or non-competitive inhibitor of cathepsin K. 

26. A method for identifying inhibitors which competitively bind to the 

atalyfcally acuve sue formed by the residues listed in Table XXDC, said method 
comprising the steps of: 

providing the coordinates of said active site of the protease to a 
computerized modeling system; 

^ identifying compounds which will bind to the structure; and 

bioactivity ** C0WpOWdS identified for P 1 ™ 8 * inhibitory 
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FIGURE 2 




Human Cathepsin K 
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FIGURE 3 




Human Cathepsin K E-64 
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Figure 4a 




Cathepsin K Active Site 
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Stereo View 
Cathepsin K Active Site 
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FIGURE 5b 





Inhibitor- SCSJ-S-^azyloxycaibonylR-leucinylJ 



propoxy)-2-hexanone 



amino-5-methyI-l-(l- 



WO 97/16177 



PCT/US96/17512 



8/23 



FIGURE 6a 




Inhibitors 



bis-(cb2-leucinyi)-l,3Kliamino-propan-2H 
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FIGURE 6b 
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- ^'-W-bis^nzyloxycaibonyl-L-Ieucinylcarbohydn^ 
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FIGURE 7b 
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FIGURE 8a 
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FIGURE 8b 




' * ( 1 S)-N-[2-r(l-benzyloxycarbonylainino).3.methylbutyI]thiazol-^ 
ylcarbonyl].NXN-beii2ytoxycaib(myI-L-leucinyl)hydrazide 
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FIGURE 9a 




= 2-[N-(3-bcnzyloxybcn2oyl)].2'-[N , ^N-ben2yloxycarbonyl-L- 
leucinyI)]caibobydrazide 
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= 2-[N-(3-benzyloxybeiizoyl)>2V[N^(N.ben2yloxycarbonyl-L. 
leucinyOjcarbohydrazide 
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Inhibitor = 4-[N^(phenyImetbxMcy)carboiiyi].L.leucyl].l.[N. 
Kpfaenylmetfaoxy)^ 
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FIGURE 10b 




Inhibitors 4-[N-[(phenylmcthoxy)carbonyl]-L-kucyl]- 1-[N- 
[(phenylmedioxy)caibonyI]-L-Ieucy^3-pynolidm 
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FIGURE 11a 




Inhibitor * 4-tN-[(4-pyridyImethoxy)cari)onyIH-leucyl]-l.[N 
[(phenyImethoxy)<^oylJ-L-leucylJ-3-pynoUdinone 
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FIGURE lib 




Mtor* 4-[N4(4.i^dyImethoxy)catbonyl>Ueucyn.l.[N. 
KP^yimethoxy)cai^^ 
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FIGURE 12a 




leucyI)]-3-pynolidinone 
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FIGURE 12b 




Inhibitor = 



4-[N-[(phenylinethoxy)carbonyl]-L-IeucylJ-l.N[N-(methyl)-L- 
leucyl)]-3-pyrrolidinone 
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FIGURE 13a 




Inhibitor =l-N-(N-imidazole acetyl-leucinyl)-ainino-3-N-(4-phenoxy-phenyl. 
sulfonyl)-amino-propan-2-onc 
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FIGURE 13b 
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